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I. INTRODUCTION 

At the present time extensive investigations of meson 
production in electron-positron collisions of different en- 
ergies are carried on at various experimental facilities like 
VEPP-2000 (Novosibirsk), DA$NE (Frascati), BEPC-II 
(Beijing), KEK-B (KEK) and other. For theoretical de- 
scription of these processes at low energies one can not 
use the perturbative QCD, therefore it is necessary to use 
phenomenological models: the vector meson dominance 
one, the ones based on the chiral symmetry etc. 

In a set of recent papers we used the extended SU(2) x 
SU(2) Nambu-Jona-Lasinio (NJL) model with a polyno- 
mial form factor [l|, Q for description of electromagnetic 
interactions of n, p, and lo mesons and of their first ra- 
dial excited states. In Ref. [3j the two-photon decays of 
7T and ir' = 7r(1300) mesons and the processes of their 
production in e + e~ collisions were considered. In pa- 
pers [4. 5] we computed the production cross sections of 
7r°(7r')w and 7r°(7r')7 pairs at electron positron colliders. 
These results were in a satisfactory agreement as with the 
experimental data [6-9] as well as with theoretical esti- 
mates [6] obtained within the vector meson dominance 
model. Radiative decays of 7r°, p°f_uj, and their radial 
excited states were studied in Ref. (lfj j. 

In this work we describe the two-photon decays of 
pseudoscalar isoscalar 77, 77' (958), 77(1295), and 77(1475) 
mesons, the processes of their production in two-photon 
mechanism at electron-positron collisions, and in the 
Primakoff effect on an electron. The calculations are 
performed on the base of the (7(3) x (7(3) chiral NJL 
model with 't Hooft interaction. The radial excitations 
of mesons are described again with the help of polyno- 
mial form factors for meson interactions with u[d) and s 
quarks [ll|. Diagonalization of the free Lagrangian for 



the four eta-mesons with the transition to their physical 
states is performed by means of the 4x4 mixing ma- 
trix EMji. 



II. LAGRANGIAN 

We use a nonlocal separable four-quark interaction of 
a current-current form which admits nonlocal vertexes 
(form factors) in the quark currents, and a pure local 
six-quark 't Hooft interaction [TiL [T^: 
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Here, m° is the current quark mass matrix (mj rs to^) 
and Jg(p) j denotes the scalar (pseudoscalar) quark cur- 
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js(P)A x ) = J d x l d x 2 q(xi)Fs {Phl {x; x x , x 2 )q(x 2 ) 

(2) 

where Fs(P) i( x > Xl > X2 ) are ^ ne scaia r (pseudoscalar) 
nonlocal quark vertes. The coupling constants G = 
3.14 GeV" 2 and K = 6.1 GeV~ 5 are fixed in the 
model [l3l llij from the pion mass and from the masses 
of rj and 77' mesons (taking into account the mixing of 
ground and excited states), respectively. 

To describe the first radial excitations of mesons, we 
take the form factors in momentum space as follows (see 
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fl = 



1, / 2 Q = / a (k) 
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where A a are Gell-Mann matrices, A = y §1, with 1 
being the unit matrix. Here, we consider the form factors 
in the rest frame of mesons 1 . The slope parameters d u — 
-1.78 GeV~ 2 and d s = -1.73 GeV" 2 ) are defined from 
the condition that the tadpoles with the form factors for 
the corresponding quarks are equal to zero. That means 
that the excited states do not give contributions to the 
quark condensates. The coefficients c u = 1.5, c s = 1.66 
are fitted from the masses of the radial excited physical 
states of eta-mesons. 

Following [HI IT(| , after coupling of a pair of quarks 
in the 't Hooft interaction we get a modified four-quark 
interaction of the isoscalar pseudoscalar sector of the NJL 
model: 
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where T p is a matrix with elements defined as follows 
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^ms/^i T 9g — Gf /2, 



r 8 = X u = (v^Aq + A 8 )/V3, 

r 9 = A s = (-A + V2X 8 )/V3, 

G+ = G - AKm s h (m s ), G+ = G, 

G+ = 4:V2Km u h(m u ). 

Here m u and m s are the constituent quark masses and 
Ii(m q ) is the integral which for an arbitrary n is defined 
as follows 



^■■■ /a (wa) = -i 
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The 3-dimensional cut-off A3 = 1.03 GeV in is imple- 
mented to regularize the divergent integrals. Here m MjS 
are the constituent quark masses: m u — 280 MeV and 
m s = 405 MeV. 

After bosonization we get the quark-meson interaction 
Lagrangian in the form 



Ant = q(pi) 



(ip 1 -m) + 275 ( Kgi&i + Kgt^t 

q(p2), (6) 



+a u5 2^7 2 u (p) + A s ^^/ 2 s (p 



1 The form factors depend on the transverse parts of the relative 
momentum of quark-antiquark pairs kj_ = k — ^ff, where k 
and P are the relative and total momenta of a quark-antiquark 
pair, respectively. Then, in the rest frame of mesons, x"^meson — 
0, the transverse momentum is k± = (0, k), and we can define 
the form factors as depending on the 3-dimensional momentum 
k alone. 



where m = diag(m Ul m d ,m s ), p = p\ — p 2 , 

<tf = [Z4/ 2 "]- 1/2 , 9l = [Z4Ii]-V 2 , 

g U,S = [4I fUs {mus)] -l/ 2) 

where tt — a\ transitions accounted by factor 
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taken the same for ground <f) u and </> s meson states. For 
the excited states these transitions can be omitted as 
discussed in Ref. fli"l |. 

From Eq. (j4|) taking into account renormalization of 
the kinetic terms in the one-loop approximation, one can 
get the free meson Lagrangian in the following form (l2l . 
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The bare meson masses are 
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(9l) 2 Qc^W-s/xK) 



9 ,i 



(92) 2 [^-&l{ U (^u) 

l:/>r(^-^'(m.) 



(11) 



Transition from the 6are states to the physical ones is per- 
formed with the help of 4 x 4 matrix R which provides the 
diagonal form for the free Lag rangian. This matrix was 
found numerically in Refs. [12Hl4j . it is given in Table HI 
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Table I: The mixing coefficients for the isoscalar pseudoscalar 
meson states. 



Table III: Total cross sections of 77 meson production via the 
two-photon mechanism. 
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rf 


ff 


?! 


0.71 


0.62 


-0.32 


0.56 




0.11 


-0.87 


-0.48 


-0.54 
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0.62 


0.19 


0.56 


-0.67 
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0.06 


-0.66 


0.30 


0.82 



Table II: Widths of 77 meson two-photon decays. 













meson 


V 


V 


n 


V 


model [eV] 


520 


93 


4990 


230 


exp. [eV] 


510 ± 26 




4340 ± 140 





III. DESCRIPTION OF RADIATIVE 
PROCESSES 

A. Two-photon decays 

Let us start with the 2-photon decays of the 
ground and excited states of 77-mesons. To describe 
it we introduce the quark-photon interaction term 
qQ^A^q into the interaction Lagrangian ([6|), with Q — 
diag(2/3, —1/3, —1/3). For the decay 77 — > 77 we get the 
amplitude 



T, 
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rj— »77 



n P n a cr 11 c v 



Ri,i—5h{m u ) + R 2 ,i — 5lt(m u ) 
J? 3 ,i^\/27 3 (m s ) - i? 4 ,i — V2I^(m s ) \.(12) 



Analogously we got the amplitudes for two-photon decays 
of 77, 77', and ff mesons. Our results for the widths of the 
four decays with comparison to the existing experimental 
data are given in Table [TT1 

Consider now the processes of 77-meson production in 
e + e~ collisions by two-photon mechanism: 



77(77, 77' 77'). 
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In the first approximation the total cross section [17] 
reads 
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The corresponding numerical results are given in Ta- 
ble Mil in comparison with the experimental data [l8| 













meson 
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V 


rf 




model [nb] 


1.4 


0.014 


2.1 


0.022 


exp. [nb] 


1.25 ±0.13 




1.8 ±0.3 





existing for the ground meson states at y 7 ? = 29 GeV 
total e + e~ energy in the center-of-mass. 

In a similar manner we can describe the Primakoff pro- 
cess of 77 meson production in photon-lepton collisions 



7(fc)+I(p) 



2 /2 2 

P =P =m u 



l = e,fi, 



rn(pi)+l(p'), 
k 2 = 0, 
s = 2kp > M 2 (rn) > m 2 . 

The total cross section of this process reads [3] 
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For electron-photon collisions at the center-of-mass en- 
ergy y/s = 3 GeV we get the following predictions for the 
total cross sections: a~> e ^ e = 340 pb, o~* e ^ e = 540 pb, 

al e^r,'e = 37 pb; ^e^'e = 57 pb 



IV. CONCLUSIONS 

The results of our calculations show that the applica- 
tion of the mixing matrix R which diagonalizes the free 
meson Lagrangian leads to sufficiently good description 
radiative decays of the ground 77 and 77' meson states. 
This allows us to hope to get reasonable predictions for 
their first radial excited states. A similar situation took 
place in the case of strong interactions of the ground and 
excited mesons [U, EH • 

In the future we plan to consider also the processes 
e + e~ — > 77^7 taking into account the ground and the first 
radial excited vector mesons p, uj and (j) m the inter- 
mediate state. Similar processes with pion production 
were considered recently in Ref . Q . In the same way one 
can consider processes e + e~ — > i]ip° and e + e~ — > rjiLu. 
The analogous processes e + e~ — > Tr(n r )uj were studied in 
Ref. [|. 



Acknowledgments 

We are grateful to E.A. Kuraev for fruitful discussions 
and critical reading of the manuscript. This work was 
supported by RFBR grant 10-02-01295-a. 



4 



[1] M. K. Volkov and C. Weiss, Phys. Rev. D 56, 221 (1997). 
[2] M. K. Volkov, D. Ebert and M. Nagy, Int. J. Mod. Phys. 

A 13, 5443 (1998). 
[3] E. A. K uraev and M. K. Volkov, Phys. Lett. B 682, 212 

(2009); |arXiv:0908.16 28 [hep-ph]]. 
[4] A. B. Arbuzov, E. A. Kuraev and M. K. Volkov, Phys. 

Rev. C 83, 048201 (2011) iarXiv:1012.2455l [hep-ph]]. 
[5] A. B. Arbuzov , E. A. Kuraev and M. K. Volkov, 

arXiv:1106.2215 [hep-ph], to appear in Europ. Phys. J. 

A. 

[6] CMD-2 Collab. (R. R. Akhmetshin et al), Phys. Lett. B 

562, 173 (2003). 
[7] M. N. Achasov et al, Phys. Lett. B 486, 29 (2000). 
[8] M. N. Achasov et al, Eur. Phys. J. C 12, 25 (2000). 
[9] M. N. Achasov et al, Phys. Lett. B 559, 171 (2003). 
[10] A. B. Arbuzov, E. A. Kuraev and M. K. Volkov, Phys. 



Rev. C 82, 068201 (2010). 
[11] M. K. Volkov, Phys. Atom. Nucl. 60, 1920 (1997). 
[12] M. K. Volkov and V. L. Yudichev, Int. J. Mod. Phys. A 

14, 4621 (1999). 
[13] M. K. Volkov and V. L. Yudichev, Phys. Atom. Nucl. 63, 

1835 (2000), [Yad. Fiz. 63N10, (2000)]. 
[14] M. K. Volkov and V. L. Yudichev, Phys. Part. Nucl. 

31, 282 (2000), [Fiz. Elem. Chast. Atom. Yadra 31, 576 

(2000)]. 

[15] U. Vogl and W. Weise, Prog. Part. Nucl. Phys. 27, 195 
(1991). 

[16] S. P. Klevansky, Rev. Mod. Phys. 64, 649 (1992). 

[17] S. J. Brodsky, T. Kinoshita and H. Terazawa, Phys. Rev. 

Lett. 25, 972 (1970). 
[18] N. A. Roe et al, Phys. Rev. D 41, 17 (1990). 



Two-photon decays and photoproduction on electrons of 77(550), r/(958), 77(1295), and 

77(1475) mesons 



A. B. Arbuzov 

oliubov Laboratory of Theoretical Physics, JINR, Dubna, 141980 Russia and 
Department of Higher Mathematics, University Dubna, Dubna, 141980 Russia 



o 

(N 

> 
O 



M. K. Volkov 

Bogohubov Laboratory of Theoretical Physics, JINR, Dubna, 141980 Russia 
(Dated: November 15, 2011) 

Electromagnetic interactions of the ground and first radial excited states of r\ and r\ mesons 
in the framework of the extended (7(3) x (7(3) NJL model are considered. The radial excitations 
are described with the help of polynomial form factor of the second order over the inner quark 
momentum. The solution of the Ua (1) problem by means of 't Hooft interaction is taken into 
account. For diagonalization of the free Lagrangian the 4x4 mixing matrix is used. Two-photon 
decay widths of the ground n and rj' meson are found to be in a satisfactory agreement with the 
experiment. Predictions for the two-photon decay widths of 77(1295) and 77(1475) are given. The 
probabilities of eta meson production by two-photon mechanism in e + e~ collisions and of their 
photoproduction on electrons are calculated. 

PACS numbers: 12.39.Fe, 13.20.Jf, 13.66.Bc 

Keywords: Nambu-Jona-Lasinio model, radially excited mesons, electron-positron annihilation into hadrons 



in: 

(N 

> 
o 
in 
o 
q 

o 



X 



I. INTRODUCTION 

At the present time extensive investigations of meson 
production in electron-positron collisions of different en- 
ergies are carried on at various experimental facilities like 
VEPP-2000 (Novosibirsk), DA$NE (Frascati), BEPC-II 
(Beijing), KEK-B (KEK) and other. For theoretical de- 
scription of these processes at low energies one can not 
use the perturbative QCD, therefore it is necessary to use 
phenomenological models: the vector meson dominance 
one, the ones based on the chiral symmetry etc. 

In a set of recent papers we used the extended SU(2) x 
SU(2) Nambu-Jona-Lasinio (NJL) model with a polyno- 
mial form factor [l|, Q for description of electromagnetic 
interactions of n, p, and lo mesons and of their first ra- 
dial excited states. In Ref. [3j the two-photon decays of 
7T and ir' = 7r(1300) mesons and the processes of their 
production in e + e~ collisions were considered. In pa- 
pers [4. 5] we computed the production cross sections of 
7r°(7r')w and 7r°(7r')7 pairs at electron positron colliders. 
These results were in a satisfactory agreement as with the 
experimental data [6-9] as well as with theoretical esti- 
mates [6] obtained within the vector meson dominance 
model. Radiative decays of 7r°, p°f_uj, and their radial 
excited states were studied in Ref. (lfj j. 

In this work we describe the two-photon decays of 
pseudoscalar isoscalar 77, 77' (958), 77(1295), and 77(1475) 
mesons, the processes of their production in two-photon 
mechanism at electron-positron collisions, and in the 
Primakoff effect on an electron. The calculations are 
performed on the base of the (7(3) x (7(3) chiral NJL 
model with 't Hooft interaction. The radial excitations 
of mesons are described again with the help of polyno- 
mial form factors for meson interactions with u[d) and s 
quarks [ll|. Diagonalization of the free Lagrangian for 



the four eta-mesons with the transition to their physical 
states is performed by means of the 4x4 mixing ma- 
trix [i^4l4| . Note that we skip the 7/(1405) state which 
is usually treated as a pseudoscalar glueball flsT - tr?] . 



II. LAGRANGIAN 

We use a nonlocal separable four-quark interaction of 
a current-current form which admits nonlocal vertexes 
(form factors) in the quark currents, and a pure local 
six-quark 't Hooft interaction [l8l. Il9j: 



C(q, q) = / d 4 x q(x)(i$ - m°)q(x) + + C 
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42 = -K [det [q(l + 75)9] + det [q(l - 75)9]] 
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Here, m° is the current quark mass matrix (mj m5) 
and 3s{p) % denotes the scalar (pseudoscalar) quark cur- 
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Js(P),i( x ) = / d 4 xid 4 x 2 q{xi)Fg {P) l (x;x l ,X2)q{x 2 ) 



(2) 

where Fg, p s i (x;xi,X2) are the scalar (pseudoscalar) 
nonlocal quark vertex. The coupling constants G — 
3.14 GeV" 2 and K = 6.1 GeV~ 5 are fixed in the 
model [T3I [l4j from the pion mass and from the masses 
of 77 and 77' mesons (taking into account the mixing of 
ground and excited states), respectively. 

To describe the first radial excitations of mesons, we 
take the form factors in momentum space as follows (see 
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fl = 



1, / 2 Q = / a (k) 



(3) 



with 1 



where A° are Gell-Mann matrices, A = 
being the unit matrix. Here, we consider the form factors 
in the rest frame of mesons 1 . The slope parameters d u — 
-1.78 GeV~ 2 and d s = -1.73 GeV" 2 ) are defined from 
the condition that the tadpoles with the form factors for 
the corresponding quarks are equal to zero. That means 
that the excited states do not give contributions to the 
quark condensates. The coefficients c u = 1.5, c s = 1.66 
are fitted from the masses of the radial excited physical 
states of eta-mesons. 

Following pjl , ri9l | , after coupling of a pair of quarks 
in the 't Hooft interaction we get a modified four-quark 
interaction of the isoscalar pseudoscalar sector of the NJL 
model: 
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(qi7sT a q)T^ b (qij S T b q), 



(4) 



where T p is a matrix with elements defined as follows 

^88 = /2j Tg^ = 

^98 = G us /2, T 99 = G s /2, 

r 8 = A„ = (V2Ao + A 8 )/V3, 

t 9 = Xs = (-A + V2X 8 )/V3, 

G+ = G - AKm s h (m s ), G+ = G, 

G+ = 4:V2Km u h(m u ). 

Here m u and m s are the constituent quark masses and 
Ii(m q ) is the integral which for an arbitrary n is defined 
as follows 



^■■■ /a (wa) = -i 



(27T) 



^ yi-ff . (5) 

( m 2 _ fc 2)„ 



The 3-dimensional cut-off A3 = 1.03 GeV in is imple- 
mented to regularize the divergent integrals. Here m MjS 
are the constituent quark masses: m u — 280 MeV and 
m s = 405 MeV. 

After bosonization we get the quark-meson interaction 
Lagrangian in the form 



Ant = q(pi) 



(ip" -m) + 275 X u gl(th + Xsgt^l 



+Kg%4>%f2(p) + Xs9l4> s 2 fl(p) 



q(p2), (6) 



1 The form factors depend on the transverse parts of the relative 
momentum of quark-antiquark pairs kj_ = k — ^fP, where k 
and P are the relative and total momenta of a quark-antiquark 
pair, respectively. Then, in the rest frame of mesons, x"^meson — 
0, the transverse momentum is k± = (0, k), and we can define 
the form factors as depending on the 3-dimensional momentum 
k alone. 



where m = diag(m u , m d ,m s ), p = p\- pi, 

where tt — a\ transitions accounted by factor 

6to 2 



Z=l- 



M 2 



(7) 



(8) 



taken the same for ground <f) u and </> s meson states. For 
the excited states these transitions can be omitted as 
discussed in Ref. fTT| . 

Note that here we do not take into account transi- 
tions between pseudoscalar and axial- vector states, which 
were important for description of pions and kaons. This 
leads to a certain change with respect to the previous 
works dMi]. 

From Eq. Q taking into account renormalization of 
the kinetic terms in the one-loop approximation, one can 
get the free meson Lagrangian in the following form (l2l . 



£ (2) (0) 
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\ " \ " 
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- (m u ± m u ) 2 ) 




= ^,43 (P) 




- (m s ± m s ) 2 ), 
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= ^, 3 l(P) 
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The bare meson masses are 

1 



Mi 
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(si 1 ) 2 

(9lf 



(T p )-i-8h(m a ) 



u\2 



Ml* 2 = (92) 



l(T p )^-8h(m s ) 
Sl{ U (m u ) 



2 

1 

2G 



(11) 



1 



M 2 9 , 2 = (^) 2 ( ^-87p(m s ) 



Transition from the bare states to the physical ones is 
performed with the help of 4 x 4 matrix R which pro- 
vides the diagonal form for the free Lagrangian. This 
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Table I: The mixing coefficients for the isoscalar pseudoscalar 
meson states. 
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rf 


ff 


?! 


0.71 


0.62 


-0.32 


0.56 




0.11 


-0.87 


-0.48 


-0.54 




0.62 


0.19 


0.56 


-0.67 


V>2 


0.06 


-0.66 


0.30 


0.82 



Table II: Widths of r\ meson two-photon decays. 













meson 


n 


V 


v' 


v' 


model [eV] 


520 


93 


4990 


230 


exp. [eV] 


510 ±26 




4340 ± 140 





Table III: Total cross sections of 77 meson production via the 
two-photon mechanism. 



matrix was found numerically in [121 Il3| , it is given in 
Table [I] Note that this matrix is not unitary. This is 
due to the fact that it contains not only a rotation but 
also dilations. The dilations are related to two differ- 
ent renormalizations: one of them for the ground states 
and one for the first radial excited states. One can ob- 
serve the same feature of non-unitary transformation in a 
more simple case SU(2)xSU(2) extended NJL model [1] 
where the mixing of tt and tt' mesons was considered. It 
is worth to note that if we exclude from the considera- 
tion the excited states, we would get instead of the 4x4 
matrix a simple 2x2 matrix corresponding to unitary or- 
thogonal transformations with the standard singlet-octet 
mixing angle 9 ss —19°, see Ref. (2C|- The latter quan- 
tity is close to the values of the mixing angle obtained in 
numerous theoretical and experimental studies, see e.g. 
paper [21j and references therein. 



III. DESCRIPTION OF RADIATIVE 
PROCESSES 

A. Two-photon decays 

Let us start with the 2-photon decays of the 
ground and excited states of 77-mesons. To describe 
it we introduce the quark-photon interaction term 
qQj^A^q into the interaction Lagrangian ©, with Q = 
diag(2/3, — 1/3, — 1/3). For the decay 77 —> 77 we get the 
amplitude 



T - —f nPfi^p^p" 

± rj — — o^vpaqi y 2 &i t 2 
\)TT 



n n 

Ri,x—5h{m u ) + R 2 ,i^-5lt{m u ) 
R 3ll ^-V2h(m s ) - i?44 — V2li s (m s ) L(12) 



Analogously we got the amplitudes for two-photon decays 
of 77, 77', and fj' mesons. Our results for the widths of the 
four decays with comparison to the existing experimental 
data are given in Table [TT1 

Consider now the processes of 77-meson production in 
e + e~ collisions by two-photon mechanism: 



77(77, 77' fj'). 



(13) 













meson 


V 


V 


v' 


v' 


model [nb] 


1.4 


0.014 


2.1 


0.022 


exp. [nb] 


1.25 ±0.13 




1.8 ±0.3 





In the first approximation the total cross section [21 
reads 



a m = (4a) 2 In 2 



fs T(rji 



Y{z) = (2±z) 2 ln 



2m e A/3 (77,) 
1 



2 1 ) y (M\ m ) 



(3 + *)(!-*). 



(14) 



The corresponding numerical results are given in Ta- 
ble Mil in comparison with the experimental data [23| 
existing for the ground meson states at y/s = 29 GeV 
total e + e~ energy in the center-of-mass. 

In a similar manner we can describe the Primakoff pro- 
cess of 77 meson production in photon-lepton collisions 



1 (k) + l{p)^r ll {p l )+l(p'), 



V 
s ■ 



H - 



0, 



Pi 



l = e, /1, 
M 2 (77,), 



2kp > M 2 (rii) > mf. 
The total cross section of this process reads [3] : 



(15) 



x In 



nT 



s 2 

m 2 M 2 (rii 



M 2 ( m ) 



(16) 



For electron-photon collisions at the center-of-mass en- 
ergy = 3 GeV we get the following predictions for the 
total cross sections: u ' ie ^ e = 340 pb, a i e ^ e = 540 pb, 



IV. CONCLUSIONS 

The results of our calculations show that the applica- 
tion of the mixing matrix R which diagonalizes the free 
meson Lagrangian leads to sufficiently good description 
radiative decays of the ground 77 and 77' meson states. 
This allows us to hope to get reasonable predictions for 



4 



their first radial excited states. A similar situation took 
place in the case of strong interactions of the ground and 
excited mesons pi. Il4|. 

The 7/(1475) meson as a qq state was considered in 
Ref. [24j , where a simple phenomenological model of mix- 
ing between only two uu + dd and ss components was 
used. In our approach we have mixing of four qq com- 
ponents: two of them for ground states and two for ra- 
dial excited ones. However we did not take into account 
mixing of 77 mesons with pseudoscalar glueballs in par- 
ticular with the 77(1405) state. Meanwhile we took into 
account the influence of the gluon anomaly (by means of 
the 't Hooft interaction) onto the mixing of the uu + dd 
and ss components in all four states being considered. 
Some other papers were devoted to studies of mixing 
between the ground ?7(550) and 77' (958) mesons with a 



pseudoscalar glueball, see e.g. Refs. pjl HE Hll • Note 
that the excited 77 meson states were not taken into ac- 
count there. Moreover, the mixing of the ground 77 and 77' 
mesons with glueball was found to be not large. We argue 
that in future studies all these mixing effects should be 
considered together like it was done in ref. [27] for mixing 
of four isoscalar mesons and a glueball using 5x5 mixing 
matrix. 
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